Abstract: Silicon nanostructures are used for efficiency enhancement in Silicon solar cells. A 2 μm thick solar cell with silicon nanostructures on the front and back surfaces show photocurrent of 26.7 mA/cm 2 (77% of the Yablonovitch limit). 
Mie resonances [1] of non-spherical dielectric nanoparticles hold tremendous technological importance in solar cell applications [2] since dielectric nanoparticles can be lossless in contrast to the plasmonic counterpart. Here, we study the scattering properties of silicon nanostructures on silicon substrate. We use these substrate-modified properties in the design of silicon solar cells having silicon nanostructures on both the front and backside for enhanced light trapping. The nanostructures on the front side act like antireflection coatings [2] while the nanostructures on the back side act like a mirror to reflect light back into the solar cell. A: silicon nanostructure in a homogenous medium (air); B: silicon nanostructure on silicon substrate with excitation direction from air to silicon substrate; C: silicon nanostructure on silicon substrate with excitation direction from silicon substrate to air. B corresponds to the case where light is incident normally from air to the front (top) surface of a solar cell with the silicon nanostructures acting as an AR coating [2] . C depicts the case where light within the silicon solar cell is propagating from the front (top) side towards the back (bottom) side of the solar cell with the silicon nanostructures functioning as a mirror scattering the light back into the solar cell. The spectrum A show the first 2 Mie resonances [1] at wavelengths of 800 nm and 1000 nm which corresponds to electric and magnetic dipole resonances of the free-particle, respectively. The differences in scattering properties between scenario B and scenario C result from a difference in electric field driving strength [3] . 2 shows the intensity distribution inside the Si nanostructure together with the angular distribution of the scattered power at a resonance wavelength of 800 nm for scenarios A (Fig. 2a, 2b) and B (Fig. 2c, 2d) , and also, at a resonance wavelength of 900 nm for scenario C (Fig. 2e, 2f) . Note that the source is polarized in the x-direction and the propagation direction is as indicated in Fig. 1 . The angular and intensity field distributions correspond to plots of | | . Polar plots for scenarios B (Fig. 2d) and C (Fig. 2f) as compared to scenario A (Fig. 2b) show a very narrow angular distribution of scattered power and also preferential scattering into the silicon substrate. It has already been reported that particles on high index substrates like silicon will scatter preferentially into the substrate [2] . We observe an additional effect being the drastic narrowing of the angular distribution of scattered power. This narrow scattering distribution is due to the existence of electric and magnetic dipole resonances at the same wavelength as shown in figure2c and 2e. We use the technique developed by Goetzberger [4] to calculate the fraction of total scattered power (from a silicon nanoparticle on the front side) that is trapped within the 2 μm solar cell. The calculated photocurrents are 34.5 mA/cm 2 for the Yablonovitch limit case [5], 26.7 mA/cm 2 for the double-sided cell and 14.1 mA/cm 2 for a 2 μm thick silicon film.
In summary, we have shown that the scattering properties of silicon nanostructures are strongly modified by the presence of a silicon substrate. The light trapping efficiency of a thin film silicon solar cell can be significantly improved by using silicon nanostructures as scatterers on both the front and back side of the cell.
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